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B.2 DSO market lower-level problem 105
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B.4 KKT conditions of real-time market 113

LRT =
X

!

�!

"
X

g2G

�
�DA

g (pRT
g! � pDA

g ) + �"
gp

"
g! + �#

gp
#
g!

�

+
X

d2D

�
�DA

d (pDA
d � pRT

d! ) + �"
dp

"
d! + �#

dp
#
d!

�

+
X

n2N

V OLLRT
n sRT

n!

+
X

r2R

�
�R(wRT

r! � wDA
r ) + �"Rw"

r! + �#Rw#
r!
�
#

+
X

l2LT


T
l!
�
pRT

l! �Bl(�n! � �m!)
�

+
X

l2LT

�T
l!
�
pRT

l! � Sl
�

�
X

g2G

�p
g!
�
pRT

g! � bpDA
g � p"

g! + p#
g!
�

�
X

d2D

�p
d!

�
pRT

d! � bpDA
d + p"

d! � p#
d!

�

�
X

r2R

�p
r!
�
wRT

r! � wDA
r � w"

r! + w#
r!
�

�
X

n2N;!

�p;RT
n!

� X

g2Gn

pRT
g! �

X

d2Dn

pRT
d! +

X

r2Rn

wRT
r!

+ sRT
n! �

X

l2n!

pRT
l! +

X

l2!n

pRT
l!

�

�
X

n2N;!

�q;RT
n!

 
X

g2Gn

qRT
g! �

X

d2Dn

qRT
d! + sq;RT

n!

�
X

l2n!

qRT
l! +

X

l2!n

qRT
l!

!

+
X

l2LD
e [le ;!


l!

h
p(RT )2

l! + q(RT )2
l! � ’RT

l! vRT
n!

i

�
X

l2LD
e [le ;!

h
�p

l!
�
pRT

l! + pRT
l0! �Rl’RT

l!
�

+ �q
l!
�
qRT

l! + qRT
l0! �Xl’RT

l!
� i

+
X

l2LD
e [le ;!

h
�l!

�
p(RT )2

l! + q(RT )2
l! � Sl

�i

















https://en.energinet.dk/About-our-reports/Reports/Environmental-Report-2018
https://en.energinet.dk/About-our-reports/Reports/Environmental-Report-2018
http://dx.doi.org/10.1016/j.rser.2016.06.008
http://dx.doi.org/10.1016/j.rser.2016.06.008
http://dx.doi.org/10.1016/j.rser.2015.08.069


http://orbit.dtu.dk/files/123041948/phd401%7B%5C_%7DOConnel%7B%5C_%7DN.pdf
http://orbit.dtu.dk/files/123041948/phd401%7B%5C_%7DOConnel%7B%5C_%7DN.pdf
http://orbit.dtu.dk/files/108341957/tr14%7B%5C_%7D02%7B%5C_%7DOConnell%7B%5C_%7DN.pdf
http://orbit.dtu.dk/files/108341957/tr14%7B%5C_%7D02%7B%5C_%7DOConnell%7B%5C_%7DN.pdf
http://orbit.dtu.dk/en/publications/modelling-and-assessment-of-the-capabilities-of-a-supermarket-refrigeration-system-for-the-provision-of-regulating-power(25f6d19a-7058-4d93-9e60-4a8b2492df31).html
http://orbit.dtu.dk/en/publications/modelling-and-assessment-of-the-capabilities-of-a-supermarket-refrigeration-system-for-the-provision-of-regulating-power(25f6d19a-7058-4d93-9e60-4a8b2492df31).html
http://orbit.dtu.dk/en/publications/modelling-and-assessment-of-the-capabilities-of-a-supermarket-refrigeration-system-for-the-provision-of-regulating-power(25f6d19a-7058-4d93-9e60-4a8b2492df31).html
http://orbit.dtu.dk/en/publications/modelling-and-assessment-of-the-capabilities-of-a-supermarket-refrigeration-system-for-the-provision-of-regulating-power(25f6d19a-7058-4d93-9e60-4a8b2492df31).html






https://core.ac.uk/download/pdf/24847772.pdf
https://core.ac.uk/download/pdf/24847772.pdf




https://www.ferc.gov/CalendarFiles/20180215112833-der-report.pdf
https://www.ferc.gov/CalendarFiles/20180215112833-der-report.pdf
http://www.ecogrid.dk/
http://www.ecogrid.dk/
https://eur-lex.europa.eu/resource.html?uri=cellar:d7108c4c-b7b8-11e6-9e3c-01aa75ed71a1.0001.02/DOC%7B%5C_%7D1%7B%5C&%7Dformat=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:d7108c4c-b7b8-11e6-9e3c-01aa75ed71a1.0001.02/DOC%7B%5C_%7D1%7B%5C&%7Dformat=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:d7108c4c-b7b8-11e6-9e3c-01aa75ed71a1.0001.02/DOC%7B%5C_%7D1%7B%5C&%7Dformat=PDF
http://smartnet-project.eu/
http://smartnet-project.eu/


https://ec.europa.eu/energy/sites/ener/files/documents/20140423%7B%5C_%7Ddso%7B%5C_%7Dsmartgrid.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/20140423%7B%5C_%7Ddso%7B%5C_%7Dsmartgrid.pdf
https://drem.dk/
https://drem.dk/
https://www.nordpoolgroup.com/
https://www.nordpoolgroup.com/


https://www.entsoe.eu/about/inside-entsoe/objectives/
https://www.entsoe.eu/about/inside-entsoe/objectives/
https://en.energinet.dk/About-our-news/News/2018/03/09/Agreement-on-future-Nordic-balancing
https://en.energinet.dk/About-our-news/News/2018/03/09/Agreement-on-future-Nordic-balancing
https://www.rte-france.com/sites/default/files/2014%7B%5C_%7D04%7B%5C_%7D09%7B%5C_%7Dfrench%7B%5C_%7Dcapacity%7B%5C_%7Dmarket.pdf
https://www.rte-france.com/sites/default/files/2014%7B%5C_%7D04%7B%5C_%7D09%7B%5C_%7Dfrench%7B%5C_%7Dcapacity%7B%5C_%7Dmarket.pdf
https://www.rte-france.com/sites/default/files/2014%7B%5C_%7D04%7B%5C_%7D09%7B%5C_%7Dfrench%7B%5C_%7Dcapacity%7B%5C_%7Dmarket.pdf


https://ec.europa.eu/energy/sites/ener/files/documents/20150313%20Tariff%20report%20fina%7B%5C_%7DrevREF-E.PDF
https://ec.europa.eu/energy/sites/ener/files/documents/20150313%20Tariff%20report%20fina%7B%5C_%7DrevREF-E.PDF
https://ec.europa.eu/energy/sites/ener/files/documents/20150313%20Tariff%20report%20fina%7B%5C_%7DrevREF-E.PDF








http://sites.ieee.org/pes-testfeeders/resources/
http://sites.ieee.org/pes-testfeeders/resources/
http://pierrepinson.com/docs/Dvorkinetal2019.pdf
http://pierrepinson.com/docs/Dvorkinetal2019.pdf
http://orbit.dtu.dk/files/120568114/An%7B%5C_%7DUpdated%7B%5C_%7DVersion%7B%5C_%7Dof%7B%5C_%7Dthe%7B%5C_%7DIEEE%7B%5C_%7DRTS%7B%5C_%7D24Bus%7B%5C_%7DSystem%7B%5C_%7Dfor%7B%5C_%7DElectricty%7B%5C_%7DMarket%7B%5C_%7Dan....pdf
http://orbit.dtu.dk/files/120568114/An%7B%5C_%7DUpdated%7B%5C_%7DVersion%7B%5C_%7Dof%7B%5C_%7Dthe%7B%5C_%7DIEEE%7B%5C_%7DRTS%7B%5C_%7D24Bus%7B%5C_%7DSystem%7B%5C_%7Dfor%7B%5C_%7DElectricty%7B%5C_%7DMarket%7B%5C_%7Dan....pdf
http://orbit.dtu.dk/files/120568114/An%7B%5C_%7DUpdated%7B%5C_%7DVersion%7B%5C_%7Dof%7B%5C_%7Dthe%7B%5C_%7DIEEE%7B%5C_%7DRTS%7B%5C_%7D24Bus%7B%5C_%7DSystem%7B%5C_%7Dfor%7B%5C_%7DElectricty%7B%5C_%7DMarket%7B%5C_%7Dan....pdf
http://orbit.dtu.dk/files/120568114/An%7B%5C_%7DUpdated%7B%5C_%7DVersion%7B%5C_%7Dof%7B%5C_%7Dthe%7B%5C_%7DIEEE%7B%5C_%7DRTS%7B%5C_%7D24Bus%7B%5C_%7DSystem%7B%5C_%7Dfor%7B%5C_%7DElectricty%7B%5C_%7DMarket%7B%5C_%7Dan....pdf









































































	Preface
	Acknowledgements
	Contents
	Abstract
	Resumé
	Acronyms

